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This exam isformed of three obligatory exercises
in three pages numbered from 1 to 3.
The use of non-programmable calculatorsis allowed.

First Exercise (6 points) Graphical study of energy exchange

Consider aninclinad planethat makesan anglea with the horizontal M
(sina =0.2) andamarble(B) of massm = 100 g, takenas aparticle. Vo
Weintendto study the energy exchange between thesystem (marble, |, ;

Earth) and the surroundings.
Todothat, themarble(B) isgiven, at theinstantt, = 0, the vel ocity Vo = VOT alongthelineof greatest slope
OX.GivenV,=4m.s"and g=10 m/s’.

The horizortal planethrough point O istaken asthe gravitationd potential energy reference.

A- Theforcesof friction are supposad negligble

1- Determinethevalueof the mechanical energy M.E of the system (marble Earth).

2- Attheinstantt, the marblepassesthrough apoint M of abscissa OM = x. Determine, as a function of x,
the expression of the gravitationd potential energy P.Eg of the system (marble Earth) when the marble
passesthrough M.

3-a) Trace, onthe samesystem of axes, the curvesrepresanting the variations of the energies M.E and P.E;

asafunction of x.
Scale: - ontheaxisof abscissas: 1 cmrepresants1 m,
- ontheaxisof energy: 1 cmrepresents0.2 J.
b) Determne, usingthe graph, the speed of themarblefor x =3 m.
c) Determine, usingthe graph, thevalueof x,, of x for whichthe speed of (B) is zero.
B-1 Inredlity, the speed of the marble becomes zero at a point of abscissax = 3 m. Theforcesof friction are
no longer negligble. Cal culate then the work done by the forcesof friction between x =0andx =3 m.

2. Thesystem (marble Earth) thusexchanges energy withits surroundings. In what form and by how much?



Second Exercise (7points) Responseof an RC seriescircuit

The object of thisexerciseisto distinguishthe response of an RC seriescircuit whenwe apply acrossits
terminalsa constant voltage, fromitsresponse whenit carries a constant currert.

A- Caseof a constant voltage A R
Thecircuit of the adjacent figureallows usto chargethe capacitor of [ L=
capacitance C = 10 pF through aresistor of resistance R = 100 kQ, under a * .
constant voltage E = 9V. Taketheinstantt = 0 theinstant whenthe switchK is ! q M
closed

1- Denoteby uc = uwn, theinstantaneousval ue of the voltage acrossthe _ E ¢

terminal s of the capacitor. N

a- Show that the differential equation in uc isof the form: B
uc+Rc e _ g K
dt

t

b- Knowing that the solution of thisequation hastheform: uz = A(1-e *) determneA andr.

c-Tracethe shapeof the curvethat givesthe variation of uc asafunction of time.

2- a Determinethe expression of thevoltage ug = uay asafunction of time.
b- Trace, on the same system of axes, the shape of the curvegivingthevariation of ur asafunction of
time.
3- What isthevalueof theinterval if timet, at the end of whichuc becomes practically 9V?

B- Caseof a constant current
The preceding capacitor being discharged is to be recharged through the same resistor

by ageneraor givingaconstant current I, = 0.1 mA.
1-a Show that the chargeq can be written, in SI, intheformq = 10* x t.
b- Thevdtage ur = usy acrosstheresistor remains constant. Determineits lo
value. c—
c- Tracetheshapeof the graph representing ur.
2-a Determinethe expression of the voltageuc = umn asafunction of time.
b- Tracethe shapeof the graphrepresatinguc. B e

z|l =

c- Determinethetimeintervd tz neededfor thevoltage uc to attainthevalue9 V.

C- Conclusions
1- Usingthe precedng graphs specify the casewherethe voltage acrossthe capacitor attains, in the steady
state, alimiting value.
2- A cameraisequipped withaflash that isformed of the precedng RC circuit. Weintendto takethe
larged number of photosin agiventimeintervd. To do so we haveto chargethe capacitor. Which one of
the two preced ng charging modesis more convenient? Why?



Third exercise (6 ¥2points) Theisotope 4Li of lithium

As al the other chemical elements, the isotope gLi has properties that distinguish it from other chemical

elements.
The object of this exercise isto show evidence of some properties of the isotope 73Li .

A- Emission spectrum of thelithium atom
The adjacent figure represents the energy levels of the lithium atom. S E——
1-Calculate, in joule, the energy (E) of the atom when it isin the ground state  ~ 1.040———
and (Es) when it isin -1319
the fifth state. -2.010
2-During the downward transition (de-excitation) from different energy levels
to the ground level, the - 3.540
[ithium atom emits some radiations.
a Caculate the highest and the lowest frequency of the emitted radiations. 5390

b- The corresponding emission spectrum is discontinuous. Why?
3- Thelithium atom, being in the ground state, captures:

Ground level

& aphoton whose associated radiation has awavelength of A = 319.9 nm. Show that the atom

absorbs this photon. In what level would it be?

b- aphoton of energy 6.02 eV. An electron isthus liberated. Calculate, in eV, the kinetic energy of

that electron.
B- Nuclear reaction

A nucl eusAZX , a rest, is bombarded by a proton carrying an energy of 0.65 MeV; we obtain two a

particles.
1- Isthisnuclear reaction spontaneous or provoked? Justify your answer.

2- Determinethe values of Z and A by applying the convenient conservation laws. Identify the nucleus

X

3- Calculate the mass defect due to this reaction and deduce the corresponding energy liberated.

4- Knowing that the two obtained a particles have the same kinetic ener%/ E. Caculate E.
Given:  h=6.62x10%Jxs, ¢c=3x10°ms"; 1ev=16x10"J;
1u= 9315 MeV/c*;
mass of the nucleus of lithium: m (Li) =7.01435 u;
mass of the a particle: m(a) = 4.00150 u;
mass of a proton: m,= 1.00727 u.



